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0DJQHWRVWULFWLYHVHQVRUVIRUFRPSRVLWHGDPDJHGHWHFWLRQDQG
ZLUHOHVVVWUXFWXUDOKHDOWKPRQLWRULQJ

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
'HSDUWPHQWRI0DWHULDOV6FLHQFHDQG(QJLQHHULQJ8QLYHUVLW\RI6KHIILHOG6KHIILHOG8.6-'

7KHHIILFDF\RIPDJQHWRVWULFWLYHULEERQDFWXDWRUVDVDHURVSDFHFRPSRVLWHVLPSDFWGDPDJHGHWHFWRUVKDYHEHHQLQYHVWLJDWHGWKURXJK
ILQLWHHOHPHQWPRGHOOLQJDQGH[SHULPHQWDOVWXGLHVLQYHVWLJDWLQJERWKWKHVHQVLWLYLW\RIPDJQHWRVWULFWLYHULEERQVHPEHGGHGDQGVXUIDFH
PRXQWHGXVLQJ WHQVLOHDQGSRLQWEHQGLQJ WHVWV)URP WKH PRGHOOLQJ LWZDV IRXQG WKDW WKH VXUIDFH PRXQWHG ULEERQV LQFUHDVHG WKH
<RXQJ¶VPRGXOXVRIWKHV\VWHPFRPSDUHGWRWKHFRPSRVLWHDORQHEXWFDXVHGWKHULEERQVWRGHODPLQDWHIURPWKHVXUIDFHEHIRUHIDLOXUH
7KHHPEHGGHGULEERQVGLGQRWDSSHDUWRDIIHFW WKHVWUXFWXUDOSURSHUWLHVRI WKHFRPSRVLWHZKLFKZDVREVHUYHG WKURXJK WKHSRLQW
EHQGLQJ WHVWV FDUULHG RXW )URP WKH LPSDFW GDPDJH WHVWV LW ZDV GHWHUPLQHG WKDW WKH ULEERQV KDG WR EH HPEHGGHG SO\EHORZ WKH
VXUIDFHWRPHDVXUHLPSDFWHQHUJLHVJUHDWHUWKDQ-)RUVXUIDFHPRXQWHGULEERQVGDPDJHVRI-WRWKHVXUIDFHFRXOGEHGHWHFWHG
DQGSLQSRLQWHGIRUWZRULEERQVPPDSDUW:HDOVRGHPRQVWUDWHLQDVLPSOHZD\KRZDWZRULEERQVFKHPHPD\EHXVHGWRGHWHUPLQH
GDPDJHSRVLWLRQLQWKHWHVWHGVDPSOHZKLFKPD\EHH[WHQGHGIRUZLUHOHVVVHQVLQJ

,QGH[7HUPV²,PSDFWGDPDJHPDJQHWRVWULFWLRQ&RPSRVLWHGDPDJHGHWHFWLRQ1RQGHVWUXFWLYHWHVWLQJ

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67+(DHURVSDFHLQGXVWU\VWULYHVIRUFKHDSHUOLJKWHUDQG
PRUHHIILFLHQWDLUFUDIW WKHXVHRIFDUERQILEUHUHLQIRUFHG
SRO\PHU &)53 FRPSRVLWH ZLWKLQ WKH PDLQ VWUXFWXUH KDV
EHFRPHPRUHFRPPRQ>@ZLWKPRGHUQDLUFUDIWFRQVLVWLQJRI
XS WRFRPSRVLWHPDWHULDOV>@2QHRI WKHGLVDGYDQWDJHV
RIFRPSRVLWHVDUHRZLQJWRWKHLUFRPSOH[ODPLQDWHVWUXFWXUHV
WKHLUIDLOXUHPHFKDQLVPV>@DUHPRUHFRPSOLFDWHGWKDQFODVVLF
DLUFUDIWPDWHULDOVVXFKDVPHWDOVGHWHFWLQJDQGPRQLWRULQJWKH
GLIIHUHQW IRUPV RI FRPSRVLWH GDPDJH LV WKXV LPSRUWDQW WR
HQVXUH WKDW IDLOXUH RI FRPSRQHQWV GRHV QRW RFFXU GXULQJ LWV
RSHUDWLRQDOOLIHWLPH>@
'DPDJH RIWHQ RFFXUV GXULQJ VHUYLFH IRU H[DPSOH GXH WR
ORZ YHORFLW\ LPSDFWV FDXVHG E\ VHUYLFH SHUVRQQHO GURSSLQJ
WRROV RU ELUGV  WKLV W\SH RI LPSDFW UHVXOWV LQ EDUHO\ YLVLEOH
GDPDJH %9' 7KHUH DUH D UDQJH RI GLIIHUHQW GDPDJH
PHFKDQLVPVWKDWRFFXULQFRPSRVLWHVGXHWR%9'>@WKHVH
LQFOXGHGHODPLQDWLRQRI WKHFRPSRVLWHSO\PLFURFUDFNLQJ LQ
ERWK WKH PDWUL[ DQG ILEUHV DQG GHERQLQJ EHWZHHQ ILEUHV DQG
PDWUL[ %9' PD\ EH GLIILFXOW WR GHWHFW YLVXDOO\ WKHUHIRUH
KLJKVHQVLWLYLW\ QRQGHVWUXFWLYH WHVWLQJ 1'7 PHWKRGV DUH
UHTXLUHGWRPRQLWRUWKHFRPSRVLWHIRUGDPDJH>@H[DPSOHVRI
VXFK WHFKQLTXHV DUH XOWUDVRQLF WHVWLQJ LQIUDUHG WHVWLQJ DQG
UDGLRJUDSKLF WHVWLQJ > @ 5HFHQWO\ WKH IHDVLELOLW\ RI LQVLWX
VWUXFWXUDOKHDOWKPRQLWRULQJ6+0KDVEHHQLQYHVWLJDWHG>@
7KLV LQYROYHV DUUD\V RI VHQVRUV SHUPDQHQWO\ DWWDFKHG WR WKH
FRPSRVLWH FRPSRQHQWV ZKLFK FDQ FRQVWDQWO\ PRQLWRU WKH
FRPSRVLWH7KLVLQWXUQUHGXFHVWKHGRZQWLPHRIWKHDLUFUDIW
HOLPLQDWHV FRPSRQHQW WHDU GRZQ WKXV DYRLGLQJ RSHUDWLRQDO
IDLOXUH  7KH PRVW SRSXODU 6+0 PHWKRGV DUH RSWLFDOILEUH
%UDJJJUDWLQJV>@ZKLFKFDQHLWKHUEHVXUIDFHPRXQWHGRU
HPEHGGHGLQWKHFRPSRVLWHDQGVXUIDFHPRXQWHGSLH]RHOHFWULF
VHQVRUV>@
$QRWKHU RSWLRQ LV PDJQHWRVWULFWLYH DFWXDWRUV ZLWK EXLOWLQ
ZLUHOHVVVHQVRUV>@0DJQHWRVWULFWLYHPDWHULDOVFKDQJHWKHLU
PDJQHWLVDWLRQ XQGHU DSSOLHG VWUHVV ZKLFK PDNHV WKHP LGHDO
IRU GHWHFWLQJ %9' LQ FRPSRVLWHV DV WKH GDPDJH SURGXFHG
LQGXFHV D VWUDLQ ILHOG ZLWKLQ WKH FRPSRVLWH (DUO\ ZRUN >
@ GHPRQVWUDWHG WKDW HPEHGGHG PDJQHWRVWULFWLYH ZLUHV LQ
FRPSRVLWH FRXOG GHWHFW XQLIRUP VWUDLQ >@ DQG WKDW WKH
VHQVLWLYLW\LVFRPSDUDEOHZLWKRWKHU6+0V\VWHPV>@0RUH
UHFHQW ZRUN KDV VKRZQ WKDW PDJQHWRVWULFWLYH ULEERQV KDYH D
EHWWHU VHQVLWLYLW\ WR XQLIRUP VWUDLQ FRPSDUHG WR
PDJQHWRVWULFWLYHZLUHV >@7KLV LVGXH WR WKH ODUJHUVXUIDFH
DUHD RI WKH ULEERQ 7KH GLVWDQFH EHWZHHQ WKH ULEERQV LQ WKH
DFWXDWRU OD\XS DIIHFWV VWUDLQ VHQVLWLYLW\ ZLWK JUHDWHU
VHQVLWLYLW\ DV WKH ULEERQV DUH ORFDWHG FORVHU $ WUDGHRII
EHWZHHQ DFWXDWRU VHQVLWLYLW\ DQG FRPSRVLWH ZHLJKW PXVW
WKHUHIRUHEH UHDFKHG7KLV SDSHUSUHVHQWV IXUWKHU UHVHDUFKRQ
WKHLGHDOULEERQDFWXDWRUOD\XSIRULPSDFWGDPDJH$%$486
VRIWZDUH FRPPRQO\ XVHG LQ WKH DHURVSDFH LQGXVWULDO VHFWRU
ZDV XVHG WR PRGHO ULEERQV HLWKHUPRXQWHG RQ WKH VXUIDFH RU
HPEHGGHGLQWKHFRPSRVLWHWRKHOSXQGHUVWDQGZKDWKDSSHQV
LQ WKH V\VWHP XQGHU XQLIRUP VWUDLQ &RPSOHPHQWDU\
H[SHULPHQWDOZRUN ZDV DOVRSHUIRUPHG WR VWXG\ WKH UHVSRQVH
RIWKHPDJQHWRVWULFWLYHULEERQVWRLPSDFWGDPDJHDQGSRLQW
EHQGLQJPHDVXUHPHQWVIRUULEERQVDWWDFKHGWRWKHVXUIDFHDQG
HPEHGGHGLQWKHFRPSRVLWH
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0DQXVFULSW UHFHLYHG $SULO   UHYLVHG 0D\   DQG -XQH 
 DFFHSWHG -XO\   'DWH RI SXEOLFDWLRQ -XO\   GDWH RI
FXUUHQWYHUVLRQ-XO\'DWHVZLOOEHLQVHUWHGE\,(((³SXEOLVKHG´
LV WKH GDWH WKH DFFHSWHG SUHSULQW LV SRVWHG RQ ,((( ;SORUH ³FXUUHQW
YHUVLRQ´ LV WKH GDWH WKH W\SHVHW YHUVLRQ LV SRVWHG RQ ;SORUH
&RUUHVSRQGLQJ DXWKRU ) $ $XWKRU HPDLO IDXWKRU#QLVWJRY ,I VRPH
DXWKRUV FRQWULEXWHG HTXDOO\ ZULWH KHUH ³) $ $XWKRU DQG 6 % $XWKRU
FRQWULEXWHG HTXDOO\´ ,((( 75$16$&7,216 21 0$*1(7,&6 GLVFRXUDJHV
FRXUWHV\DXWKRUVKLSSOHDVHXVHWKH$FNQRZOHGJPHQWVHFWLRQ WR WKDQN\RXU
FROOHDJXHVIRUURXWLQHFRQWULEXWLRQV
&RORUYHUVLRQVRIRQHRUPRUHRI WKHILJXUHV LQ WKLVSDSHUDUHDYDLODEOH
RQOLQHDWKWWSLHHH[SORUHLHHHRUJ
'LJLWDO2EMHFW,GHQWLILHULQVHUWHGE\,(((
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:LWKLQ WKH DHURVSDFH LQGXVWU\ WKH ILQLWH HOHPHQW DQDO\VLV
)($ VRIWZDUH $%$486 LV XVHG WR PRGHO FRPSRVLWH
FRPSRQHQWVWRXQGHUVWDQGKRZWKH\EHKDYLRXUXQGHUGLIIHUHQW
IRUPV RI VWUDLQVWUHVV LQFOXGLQJ XQLIRUP VWUDLQ DQG LPSDFW
GDPDJH 7R JDLQ D GHHSHU XQGHUVWDQGLQJ RI KRZ WKH
PDJQHWRVWULFWLYH ZLUHV DQG ULEERQV ZKLFK KDYH SUHYLRXVO\
EHHQ PHDVXUHG >@RQ WKH FRPSRVLWH VXUIDFH DQGZLWKLQ WKH
FRPSRVLWHIRUERWKXQLIRUPWHQVLOHVWUHVVDQGSRLQWEHQGLQJ
PHDVXUHPHQWV WKHVH V\VWHPV ZHUH PRGHOOHG ZLWKLQ WKH
$%$486 VRIWZDUH )LJ  VKRZV WKH $%$486 PRGHOV IRU
WKHWHQVLOHWHVWZLWKWKHULEERQVRQWKHVXUIDFHDQGWKHSRLQW
EHQGLQJ ZLWK WKH ULEERQV ZLWKLQ WKH FRPSRVLWH )RU HDFK
PRGHOWKHFRPSRVLWHFRQVLVWHGRISO\FRPSRVLWHVZLWKPP
ZLGH PDJQHWRVWULFWLYH ULEERQV UXQQLQJ SDUDOOHO WR HDFK RWKHU
ZLWK D PP JDS EHWZHHQ WKHP (DFK FRPSRVLWH SO\ ZDV
WDNHQWREHPPWKLFN±WKLVLV LQJRRGDJUHHPHQWZLWKWKH
PHDVXUHGH[SHULPHQWDO WKLFNQHVVRI WKHSO\ VDPSOHV#
PP ZLWK <RXQJ¶VPRGXOXVRI  *3D LQSODQH ZKLOH WKH
ULEERQZDVWDNHQWREHPWKLFNZLWK<RXQJ¶VPRGXOXV
RI*3D7KHGLUHFWLRQRIWKHSO\LVVKRZQLQ)LJD7KH
PRGHOVZHUHUXQ IRUQRULEERQVZLWKULEERQVDWWDFKHGWRWKH
VXUIDFHDQG ULEERQVHPEHGGHGEHWZHHQWKH VHFRQGDQG WKLUG
OD\HURIWKHFRPSRVLWH$QD[LVRIV\PPHWU\ZDVVHWXSLQWKH
PRGHOWRDOORZIRUDILQHUPHVKDQGIDVWHUFRPSXWDWLRQDOWLPH
)RUWKHWHQVLOHWHVWDQGWKHSRLQWEHQGLQJPHDVXUHPHQWVWKH
VL]HRIWKHFRPSRVLWHPRGHOOHGZDVîFP

% ([SHULPHQWDO6HW8S
)RU WKH H[SHULPHQWDO PHDVXUHPHQWV WKH FRPSRVLWH XVHG
ZDVWKH97&WZLOOZHDYHSUHSUHJIURP6+'&RPSRVLWH
0DWHULDOV /WG 7KH PDJQHWRWVWULFWLYH ULEERQV XVHG DUH
DPRUSKRXV&R6L%ULEERQVIURP9DFXXPVFKPHO]HZLWKZLGWK
PPDQGPLQWKLFNQHVV$OOWKHVDPSOHVZHUHODLGXS
E\ KDQG ZLWK 7DEOH  VXPPDULVLQJ WKH GLIIHUHQW VDPSOHV
VWXGLHG 7KH ULEERQV ZHUH DUUDQJHG EHWZHHQ WKH FHQWUH WZR
SO\VRIWKHSUHSUHJRURQWRWKHSUHSUHJVXUIDFHDQGZHUHFR
FXUHGLQDYDFXXPDXWRFODYHIRUPLQV#&
7R GHWHUPLQH WKH HIILFDF\ RI WKH IDEULFDWHG DFWXDWRUV IRU
%9' GHWHFWLRQ D VHULHV RI GLIIHUHQW LPSDFW PHDVXUHPHQWV
ZHUH FDUULHG RXW YLD GURS WHVWV WR LQGXFH LPSDFW GDPDJH
ZKHUH WKH LPSDFW HQHUJ\ LV YDULHG E\ HLWKHU FKDQJLQJ WKH
KHLJKWDQGRUZHLJKWRIWKHPP¡LPSDFWWLSGHWDLOHGEHORZ
7ZR GLIIHUHQW LPSDFW VWXGLHV ZHUH FDUULHG RXW WKH ILUVW
LQYHVWLJDWHG WKH VHQVLWLYLW\ RI WKH PDJQHWRVWULFWLYH ULEERQ
HPEHGGHGDWWKHFHQWUHRIGLIIHUHQWWKLFNQHVVSO\VZLWKLPSDFW
HQHUJLHV UDQJLQJ IURP  - 7KH VHFRQG VWXG\
LQYHVWLJDWHG WKH PDJQHWLVDWLRQ UHVSRQVH RI HLWKHU RQH RU WZR
PDJQHWRVWULFWLYHULEERQVPRXQWHGRQWKHFRPSRVLWHVXUIDFHDV
D IXQFWLRQRI LPSDFW HQHUJ\ DQGGLVWDQFHRI LPSDFW IURP WKH
ULEERQV7KHVHVHWVRIVWXGLHVZHUHGHVLJQHGWRGHWHUPLQHWKH
RSWLPXP GHVLJQ IRU WKHPDJQHWRVWULFWLYH DFWXDWRUVXWLOLVLQJ D
+0&/ $05 VHQVRU WRGHWHUPLQH PDJQHWLVDWLRQ YDOXHV
)RU VLQJOH ULEERQ PHDVXUHPHQWV WKH PDJQHWLVDWLRQ RI WKH
ULEERQZDVWDNHQDWWKHFORVHVWSRLQWWRWKHGDPDJHDQGDORQJ
WKH ULEERQ ZKLOH IRU WKH WZR VXUIDFHPRXQWHG ULEERQ
PHDVXUHPHQWV WKH ULEERQV ZHUH PP DSDUW DQG
PDJQHWLVDWLRQ PHDVXUHPHQWV ZHUH WDNHQ GLUHFWO\ DERYH WKH
FHQWUHRIHLWKHUULEERQ
7KUHHSRLQWEHQGLQJPHDVXUHPHQWVZHUHFDUULHGRXWXVLQJD
=ZLFN5RHOO VWDWLF PDWHULDOV WHVWLQJ PDFKLQH 7KHVH
PHDVXUHPHQWV ZHUH GRQH WR FRPSDUH ZLWK WKH $%$486
PRGHOOLQJDORQJZLWKGHWHUPLQHZKHWKHUWKHPDJQHWRVWULFWLYH
ULEERQVHPEHGGHGLQWKHFRPSRVLWHFRXOGGHWHFWIDLOXUHRIWKH
FRPSRVLWHDW WKH VXUIDFH)RUHDFKVDPSOH WKHPDJQHWLVDWLRQ
ZDV PDSSHG EHIRUH DQG DIWHU WKH WHVW DQG WKH GLIIHUHQFH LQ
PDJQHWLVDWLRQWDNHQ
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)LJVKRZV WKHUHVXOWV IRUWKH WHQVLOHWHVWDQG WKHSRLQW
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SO\ (PEHGGHGEHWZHHQ
SO\V î ,PSDFWSRLQWEHQGLQJ
SO\ (PEHGGHGEHWZHHQ
SO\V î ,PSDFWSRLQWEHQGLQJ
SO\ (PEHGGHGEHWZHHQ
SO\V î ,PSDFWSRLQWEHQGLQJ
SO\ 6LQJOHVXUIDFH
PRXQWHGULEERQ î ,PSDFW
SO\ 7ZRVXUIDFHPRXQWHG
ULEERQVPPDSDUW î ,PSDFW

)LJ$%$486PRGHOOLQJVHWXSDWKHOD\XSRIWKHFRPSRVLWHSO\EWKH
V\PPHWU\D[LVDORQJZLWKWKHERXQGDU\FRQGLWLRQVIRUWKHWHQVLOHWHVWFWKH
PHVK IRU WKH ULEERQV PRXQWHG RQ WKH VXUIDFH IRU WKH WHQVLOH WHVW G WKH 
SRLQW EHQGLQJ WHVW IRU WKH FRPSRVLWH H WKH V\PPHWU\ D[HV IRU WKH SRLQW
EHQGLQJDQGIWKHPHVKIRUWKHSRLQWEHQGLQJ
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EHQGLQJ IRU D FRPSRVLWH RQO\ SDQHO D SDQHO ZLWK VXUIDFH
PRXQWHG ULEERQV DQG D SDQHO ZLWK ULEERQV HPEHGGHG LQ WKH
FRPSRVLWH )RU HDFK VLPXODWLRQ WKH PD[ IRUFH DSSOLHG WR
DFKLHYHDGLVSODFHPHQWRIPPZDVGHWHUPLQHGDQGDVWUHVV
VWUDLQFXUYHIURPZKLFKWKHRYHUDOO<RXQJ¶VPRGXOXVFDQEH
GHWHUPLQHG 7KXV IRU WKH WHQVLOH WHVWV WKH FRPSRVLWH SDQHO
PD[IRUFHDSSOLHGZDVî1ZKLFKZDVORZHUWKDQWKH
VXUIDFHPRXQWHG ULEERQVSDQHO IRUFHRIî1DQG WKH
HPEHGGHGULEERQSDQHOIRUFHRIî1
)URP WKHVLPXODWLRQV VKRZQLQ)LJ  WKH REWDLQHGWHQVLOH
<RXQJ¶VPRGXOXVYDOXHVZHUHDQG*3DIRUWKHQR
ULEERQVXUIDFHPRXQWHGDQGHPEHGGHGULEERQVUHVSHFWLYHO\
)RU WKH SRLQW EHQGLQJ <RXQJ¶V PRGXOXV WKHVH YDOXHV ZHUH
  DQG  *3D UHVSHFWLYHO\ 7KHVH UHVXOWV DUH
UHDVRQDEOHDV WKH\DUHFRPSDUDEOH WRWKHPDQXIDFWXUHU¶VGDWD
RI  *3D 7KH ODUJH LQFUHDVH LQ PRGXOXV YDOXH IRU WKH
VXUIDFHPRXQWHG WHVW PD\ EH GXH WR WKH ULEERQ¶V SURSHUWLHV
LQIOXHQFLQJ WKH VLPXODWLRQ UHVXOWV GXH WR WKH DSSOLHG IRUFHV
EHLQJ FRQFHQWUDWHG RQ WKH VXUIDFHPRXQWHG ULEERQ WKH
<RXQJ¶VPRGXOXVRIWKHULEERQLV*3DDQGVLPLODUWRWKH
REWDLQHG <RXQJ¶V PRGXOXV UHVXOWV 7DNLQJ WKH QRULEERQ
VDPSOHDVWKHEDVLVIRUFRPSDULVRQ LWDSSHDUVWKDWFRPSRVLWH
SURSHUWLHV LQ WHQVLRQ GR QRW YDU\ ZKHQ WKH ULEERQ LV
HPEHGGHG DV LW DSSHDUV WKDW WKH VXUURXQGLQJFRPSRVLWH IDLOV
ILUVW PHDQZKLOH WKH UHVXOWV RI WKH EHQGLQJ VLPXODWLRQV
VXJJHVW WKDW WKH PDWHULDO LV VWLIIHU LQ EHQGLQJ ± VHHLQJ DQ
LQFUHDVH RI DSSUR[LPDWHO\  *3D IRU ERWK VXUIDFHPRXQWHG
DQG HPEHGGHG ULEERQV VXJJHVWLQJ D VWUHQJWKHQLQJ HIIHFW
FRQWULEXWHG E\ WKH DGGLWLRQ RI WKH ULEERQ 7KH VLPXODWLRQ
UHVXOWV DOVR VXJJHVW WKDW WKH ULEERQV ZKHQ VXUIDFH PRXQWHG
GHODPLQDWH RII WKH FRPSRVLWH VXUIDFH SULRU WR IDLOXUH OLNHO\
GXH WR WKH YDVWO\ GLIIHUHQW PHFKDQLFDO SURSHUWLHV RI ERWK
PDWHULDOV7KLVZDVQRWREVHUYHGWRRFFXUZLWKWKHHPEHGGHG
ULEERQV
7KHVH UHVXOWV DUH LQGLFDWLYH RI WKH FRPSOH[ VWUXFWXUDO
SURSHUWLHV RI FRPSRVLWH PDWHULDOV EXW DUH QRW QHFHVVDULO\
LQGLFDWLYHRIGHOHWHULRXVHIIHFWVRQWKHVWUXFWXUDOSURSHUWLHVRI
WKH FRPSRVLWH SDQHOV DV RWKHU IDFWRUV PD\ LQIOXHQFH
FRPSRVLWH SURSHUWLHV 7KH VLPXODWLRQV DOVR DVVXPH WKDW WKH
FRPSRVLWH SO\V DQG ULEERQV DUH ZHOOERQGHG WR RQH DQRWKHU
ZKLFK PD\ QRW EH WUXH DV VXUIDFH ERQGLQJ HIIHFWV DUH QRW
FRQVLGHUHG ZLWKLQ WKHVH VLPXODWLRQV )XUWKHUPRUH
HQYLURQPHQWDOHIIHFWVPD\FKDQJHWKHSURSHUWLHVRIIDEULFDWHG
FRPSRQHQWV ZLWK ULEERQV OHIW RQ GXULQJ FRPSRVLWH OLIHWLPH
HJWKHUHPD\EHDFRQFHQWUDWLRQRIWKHUPDOHQHUJ\IURPWKH
ULEERQVDVLWSRVVHVVHVDQLQFUHDVHGKHDWFDSDFLW\YLVjYLVWKH
FRPSRVLWHPDWUL[
2QHNH\SRLQWLVWKDWWKHULEERQVPD\GHODPLQDWHIURPWKH
FRPSRVLWH VXUIDFH SULRU WR IDLOXUH ± DOWHUQDWLYH PHWKRGV RI
ULEERQ IL[DWLRQ QHHG WR EH FRQVLGHUHG RU DOWHUQDWLYHO\ WKH
ULEERQV PD\ EH HPEHGGHG VXEVXUIDFH DV GLVFXVVHG
SUHYLRXVO\ WR DYRLG VXUIDFH GHODPLQDWLRQ +RZHYHU IXUWKHU
LQYHVWLJDWLRQKHUHLVDOVRQHHGHG WRGHWHUPLQHWKHZLQGRZRI
GDPDJHGHWHFWLRQ±DQGLIWKLVRYHUODSVZLWKWKHGHODPLQDWLRQ
ZLQGRZWKLVSRWHQWLDOLVVXHZRXOGQHHGWREHDGGUHVVHG
% ,PSDFW'DPDJH
7ZRGLIIHUHQWLPSDFWGDPDJHGHWHFWLRQPHDVXUHPHQWVZHUH
)LJ $%$486UHVXOWV IRU WKH WHQVLOH WHVWDFRPSRVLWHSDQHO EVXUIDFH
PRXQWHG ULEERQ SDQHO DQG F HPEHGGHG ULEERQ SDQHO DQG IRU WKH SRLQW
EHQGLQJ WHVW G FRPSRVLWH SDQHO H VXUIDFH PRXQWHG ULEERQ SDQHO DQG I
HPEHGGHGULEERQV
)LJ  ,PSDFWGDPDJHDVDIXQFWLRQRIFRPSRVLWHWKLFNQHVVZLWKHPEHGGHG
ULEERQV ,PDJHVRI WKHGDPDJH WR WKH FRPSRVLWH IRU SO\ /+6 DQGSO\
5+6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FDUULHGRXW7KHILUVWVWXGLHGZKHWKHUPDJQHWRVWULFWLYHULEERQV
HPEHGGHGZLWKLQWKHFRPSRVLWHDWGLIIHUHQWWKLFNQHVVHVFRXOG
GHWHFW WKH VXUIDFH LPSDFWGDPDJHDQG WKH VHFRQG VWXGLHG WKH
VHQVLWLYLW\ RI WKH PDJQHWRVWULFWLYH ULEERQV DWWDFKHG WR WKH
VXUIDFH DV D IXQFWLRQ RIGLVWDQFHRI WKH LPSDFWGDPDJH IURP
WKHULEERQ2QHUHDVRQWRVWXG\WKHHPEHGGHGULEERQVLVIURP
WKH $%$486 PRGHOOLQJ WKH VXUIDFH PRXQWHG ULEERQV DUH
OLNHO\WRGHODPLQDWHEHIRUHFRPSRVLWHIDLOXUHRFFXUVZKLFKLV
QRWLGHDOIRUDGDPDJHGHWHFWLRQV\VWHP
)LJ  VKRZV WKH LPSDFW WHVW UHVXOWV IRU WKUHH GLIIHUHQW
WKLFNQHVVHV RI FRPSRVLWH ZLWK WKH PDJQHWRVWULFWLYH ULEERQ
ZLWKLQWKHFRPSRVLWH$WLPSDFWHQHUJLHVRI-DOPRVWQR
FKDQJHVLQPDJQHWLVDWLRQDUHREVHUYHGLWLVH[SHFWHGWKDWWKH
LPSDFW HQHUJ\ LV LQVXIILFLHQW WR LQIOLFW D ODUJH HQRXJK VWUDLQ
ILHOG WR EH GHWHFWDEOH E\ WKH HPEHGGHG PDJQHWRVWULFWLYH
ULEERQV )DLOXUH DQDO\VLV RI WKH FRPSRVLWH SDQHOV ZDV
SHUIRUPHG IROORZLQJ WKH 7VDL+LOO FULWHULRQ XVLQJ WKH
PHFKDQLFDO SURSHUWLHV SURYLGHG E\ WKH PDQXIDFWXUHU
VXJJHVWLQJWKDWFRPSRVLWHIDLOXUHZLOORFFXUDWa03DIRU
HDFKSO\RIWKHWZLOOZHDYH,WLVSRVVLEOHWRHVWLPDWHWKHVWUHVV
H[SHULHQFHGE\WKHFRPSRVLWHIURPܵݐݎ݁ݏݏ ൌ  ቀ௠௚ା൫௠௩మ൯Ȁሺ ?ݏሻܣ ቁ   ZKHUHPLVWKHPDVVRIWKHLPSDFWWLSDQGDWWDFKHGZHLJKWVJ
LVWKHDFFHOHUDWLRQRIJUDYLW\Y LVWKHYHORFLW\H[SHULHQFHGE\
WKH LPSDFW WLS V LV WKH GLVSODFHPHQW H[SHULHQFHG E\ WKH
FRPSRVLWH DQG $ LV WKH DUHD RI WKH LPSDFW WLS KHDG %\
HVWLPDWLQJ FRPSRVLWH GLVSODFHPHQW IURP WKH PDQXIDFWXUHU¶V
SURYLGHGVWUDLQWRIDLOXUHWKHVWUHVVH[SHULHQFHGE\WKH
FRPSRVLWH GXULQJ LPSDFW WHVWV PD\ EH HVWLPDWHG FI (T 
7KH UHVXOWV IRU WKHVH FDOFXODWLRQV DUH VKRZQ LQ )LJ 
VXJJHVWLQJ WKDW WKH VHQVLWLYLW\ RI WKH HPEHGGHG VHQVRUV WR
GDPDJH LQGXFHG IURP LPSDFW GDPDJH WHVWLQJ GHFUHDVHV ZLWK
WKHQXPEHURIFRPSRVLWHSO\V
&RPSDULQJ WKLV WR WKH H[SHULPHQWDO UHVXOWV FI )LJ 
VXJJHVWV WKDWVWUHVVH[SHULHQFHGPD\EHUHODWHGWRWKHFKDQJH
LQ PDJQHWLVDWLRQ PHDVXUHG ,W LV REVHUYHG WKDW WKH FKDQJH LQ
PDJQHWLVDWLRQLQFUHDVHVDVWKHLPSDFWHQHUJ\LQFUHDVHVIRUWKH
 DQG SO\ ZKLOH WKH SO\ VKRZV VOLJKW FKDQJHV LQ
PDJQHWLVDWLRQWKHIOXFWXDWLRQVPD\EHGXH WR ORZVHQVLWLYLW\
DQG HUURUV ZLWK WKH PDJQHWLVDWLRQ LQFUHDVLQJ IRU WKH -
LPSDFW$ODUJHGURSLQPDJQHWLVDWLRQUHDGLQJLVREVHUYHGIRU
WKH SO\ DW - LPSDFW ZKLFK LV DOVR DWWULEXWHG WR
H[SHULPHQWDOHUURU
3UHYLRXV UHVXOWV KDYH LQGLFDWHG WKDW PDJQHWRVWULFWLYH
UHVSRQVH GURSV UDSLGO\ DV WKH LPSDFW SRVLWLRQ PRYHV DZD\
IURPWKHULEERQ>@DQGLVDOVRVKRZQLQWKHUHVXOWVEHORZ,W
LV SRVVLEOH WKDW DQ HUURU GXULQJ V\QWKHVLV XQHYHQ ULEERQV
VSDFLQJVRUGURSWHVWLQJLQGHYLDWLRQVIURPWKHWDUJHWHGGURS
SRVLWLRQKDVDIIHFWHGWKHUHDGLQJV,QFUHDVHGWKLFNQHVVHVDOVR
GHFUHDVH WKH VLJQDOWRQRLVH UDWLR DV WKH PDJQHWRVWULFWLYH
UHVSRQVHLVPXFKORZHU1HYHUWKHOHVVWKHUHVXOWVDUHJHQHUDOO\
LQJRRGDJUHHPHQWZLWKWKHIDLOXUHDQDO\VLV
,QJHQHUDOWKLVPHDQVWKDWULEERQVHPEHGGHGLQWKHPLGGOH
RI WKH SO\ DQG SO\ FRPSRVLWHV DUH VXEMHFW WR PRUH HUURU
DQG PD\ QRW GHWHFW LPSDFW GDPDJH RQ WKH VXUIDFH 5LEERQV
HPEHGGHGLQWKHPLGGOHRIWKHSO\DSSHDUWRKDYHQRLVVXHV
2SWLFDO YHULILFDWLRQ RI WKH GDPDJHV ZDV SHUIRUPHG RQ VRPH
VDPSOHVFI)LJDVPD\EHH[SHFWHGWKH\LQGLFDWHWKDWWKH
ULEERQ GHIRUPV ZLWKLQ WKH SO\ DQG SO\ FRPSRVLWH DV D
IXQFWLRQRILPSDFWGDPDJHDQGLVH[SHFWHGWREHWKHFDXVHRI
WKHFKDQJHLQPDJQHWLVDWLRQ
,PSDFW HQHUJLHV RI  - FDXVH LQVXIILFLHQW GDPDJH WR WKH
FRPSRVLWH WR GHIRUP WKH HPEHGGHG ULEERQ )LJ  7KLV
PHDQVWKHLPSDFWGDPDJHVWKHWRSFRPSRVLWHSO\EXWGRHVQRW
SHQHWUDWHIXUWKHULQWRWKHFRPSRVLWHSDQHODVREVHUYHGLQWKH
WRS LPDJH LQ )LJ  $Q HQHUJ\ RI  - LV ODUJH HQRXJK WR
LQIOLFWGDPDJHRQWRWKHSO\VDPSOHZKLFKSHQHWUDWHVIXUWKHU
WKDQWKHILUVWSO\WKHGDPDJHZLOOFRQVLVWRIPDWUL[FUDFNVDQG
GHODPLQDWLRQ)LJZKLFKSURSDJDWHGHHSHQRXJK WRVWUDLQ
WKH PDJQHWRVWULFWLYH ULEERQ )LJ  QG LPDJH DQG WKXV
FKDQJH WKH ULEERQ¶V PDJQHWLVDWLRQ $V WKH LPSDFW HQHUJ\
LQFUHDVHVVRGRHVWKHGDPDJHWRWKHFRPSRVLWHDQGKHQFHWKH
GHIRUPDWLRQ RI WKH ULEERQ )LJ  LPDJHV )URP )LJ  WKH
UHVXOWVVXJJHVWWKDWWKHUHLVDWKUHVKROGLPSDFWHQHUJ\IRUHDFK
WKLFNQHVV RI FRPSRVLWH DV GHWHUPLQHG IURP WKH IDLOXUH
DQDO\VLVZKLFKZLOO FDXVH D FKDQJH LQPDJQHWLVDWLRQZLWKLQ
WKHULEERQZKLFKPD\EHFRPHPRUHFRPSOH[IRUWKLFNHUSO\V
GXH WR HQHUJ\ GLVVLSDWLRQ PHFKDQLVPV 7KLV LV DOVRREVHUYHG
YLVXDOO\ LQ WKH LPDJHV RI WKH ULEERQ DQG FRPSRVLWH DIWHU
GDPDJH FI )LJ  DV WKH SO\ ULEERQ LV RQO\ VLJQLILFDQWO\
GHIRUPHGIRU-LPSDFWHQHUJ\DQGQRWIRU-HQHUJ\
KHQFHDVLJQLILFDQWFKDQJHLQPDJQHWLVDWLRQLVREVHUYHGIRUWKH
-LPSDFWSRVVLEO\GXHWRIOX[OHDNDJHLQFRPSDULVRQWR
 - 7KHVH PHFKDQLVPV UHTXLUH IXUWKHU LQYHVWLJDWLRQ WR
RSWLPLVHWKHVHQVRUVDQGDUHSODQQHGLQIROORZXSVWXGLHV
)LJ   )DLOXUH DQDO\VLV RI WKH LQWHUQDO GDPDJH WKDW RFFXUV DIWHU LPSDFW
GDPDJH
)LJ6FKHPDWLFRIWKHLQWHUQDOGDPDJHWKDWRFFXUVDIWHULPSDFWGDPDJH
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)LJ  VKRZV WKH FKDQJH LQPDJQHWLVDWLRQ DV D IXQFWLRQRI
GLVWDQFHIRUGLIIHUHQWLPSDFWHQHUJLHVIURPDVLQJOHULEERQ,W
LVREVHUYHGWKDWWKHFKDQJHLQPDJQHWLVDWLRQPHDVXUHGRQWKH
ULEERQLVLQGHSHQGHQWRI WKHPDJQLWXGHRIWKHLPSDFWHQHUJ\
ZLWK ERWK LPSDFW HQHUJLHV FDXVLQJ HQRXJK GDPDJH WR WKH
VXUIDFH RI WKH FRPSRVLWH WR FKDQJH WKH PDJQHWLVDWLRQ RI WKH
ULEERQ 7KLV PHDQV WKDW LPSDFW HQHUJLHV DERYH  - FDQ EH
GHWHFWHG E\ D PDJQHWRVWULFWLYH ULEERQ 7KH GDWD DOVR VKRZV
WKDWWKHUHLVD³OLQHDU´GHFUHDVHLQWKHFKDQJHLQPDJQHWLVDWLRQ
DVWKHGLVWDQFHRIWKHLPSDFWIURPWKHULEERQLQFUHDVHVXSWR
PP$WPPWKHHUURURQWKHPDJQHWLVDWLRQUHDGLQJLVODUJHU
WKDQ WKH FKDQJH LQ PDJQHWLVDWLRQ UHDGLQJ DQG WKHUHIRUH LW LV
QRW SRVVLEOH WR PHDVXUH D FKDQJH LQ PDJQHWLVDWLRQ GXH WR
LPSDFW)URP WKLV GDWD LW FDQEH FRQFOXGHG WKDW WKHGLVWDQFH
EHWZHHQPDJQHWRVWULFWLYHULEERQVVKRXOGEHQRPRUH WKDQ
PPSRVVLEO\OHVVDVWKLVFDQLPSDFWDFFXUDF\DVREVHUYHGLQ
)LJLIGDPDJHLVDWWKHFHQWUHRIWKHPPVSDFLQJ
7KHFKDQJHLQPDJQHWLFSURSHUWLHVDVDIXQFWLRQRIGLVWDQFH
LV H[SHFWHG DV LW LV NQRZQ WKDW WKH PDJQHWLF IRUFH LV
SURSRUWLRQDO WR WKH LQYHUVH RI WKH GLVWDQFH [ $W ODUJH
GLVWDQFHV WKH GLSRODU PRPHQW GRPLQDWHV DQG WKH PDJQHWLF
IRUFHPD\EHDSSUR[LPDWHGWREHLQYHUVHO\SURSRUWLRQDOWR[
7KLVEHKDYLRXUPD\DOVREHH[SORLWHGWR IRUWKHFRQVWUXFWLRQ
RI DQ DFWXDWRU WKDW GRHV QRW UHTXLUH PDQXDO WHVWLQJ WKXV
HQDEOLQJ ZLUHOHVV VHQVLQJ 7R FRQILUP WKLV DQG WKH GLVWDQFH
HIIHFWDVHWRISDUDOOHOPDJQHWRVWULFWLYHULEERQVPPDSDUW
ZHUH IDEULFDWHG DQG LPSDFW GDPDJH RI  - ZDV LQGXFHG
EHWZHHQWKHULEERQVDWGLVWDQFHRIDQGPPODEHOOHG,
,DQG,DZD\IURPWKHWRSPRVWULEERQ5LEERQLQ)LJ
7KH FKDQJH LQ PDJQHWLVDWLRQ DW WKUHH GLIIHUHQW SRLQWV RQ WKH
SDQHO IRU HDFK LPSDFW SRVLWLRQ DUH SUHVHQWHG WKHUHLQ 7KH
GHFUHDVH LQ PDJQHWLVDWLRQ DV D IXQFWLRQ RI WKH GLVWDQFH IURP
WKHLPSDFWSRLQWLVDJDLQREVHUYHG)RULPSDFWGDPDJHPP
DZD\ IURP ULEERQ  LW LV REVHUYHG WKDW WKH FKDQJH LQ
PDJQHWLVDWLRQ LV  7 GLIIHUHQW WR WKH LPSDFW GDPDJH WKDW
RFFXUUHG IXUWKHU DZD\ IURP WKLV ULEERQ 7KLV VKRZV WKDW D
GLVWDQFHRIPPSURYLGHVHQRXJKVHQVLWLYLW\WRGHWHFW%9'
RI  - WR WKH FRPSRVLWH $GGLWLRQDO WHVWV WR GHWHUPLQH WKH
GHWHFWDELOLW\OLPLWVIRURWKHUVHWXSVDUHEHLQJSODQQHG
7KH YDULDQFH LQ UHDGLQJV PD\ EH DWWULEXWHG WR WKH
EDFNJURXQGILHOGDWGLIIHUHQWSRVLWLRQVRQHZD\RIDFFRXQWLQJ
IRU WKLVEHKDYLRXU LV WR DFFRXQW IRU WKH UDWHRI FKDQJH LQ WKH
PDJQHWLVDWLRQ DW WKH GLIIHUHQW LPSDFW SRLQWV ± D FRPSDULVRQ
EHWZHHQ UHDGLQJV WDNHQ IRU 5LEERQ  DQG 5LEERQ  PD\ EH
UHSUHVHQWHG E\ WKH PDJQHWLVDWLRQ UDWLRV EHWZHHQ ERWK
05057KLVUHVXOWLVDOVRVKRZQLQ)LJDQGDWDWUDQVLWLRQ
SRLQWRI050505!056LQFH5LEERQDQG5LEERQ
DUH RI HTXDO OHQJWK WKLFNQHVV DQG ZLGWK DQG DUH ORFDWHG
PPIURPRQHDQRWKHUFHWHULVSDULEXVWKHUDWHRIFKDQJHRI
PDJQHWLVDWLRQ VKRXOG HTXDO RQH DQRWKHU DW WKH PLGSRLQW LH
PP IURP 5LEERQ  7KH FDOFXODWHG UDWLR 0505 VXJJHVWV
WKDW WKLVFHQWURLGSRLQWGHWHUPLQHGIURPWKHPDJQHWRPHWHU WR
EH ORFDWHG DW PP ZKLFK LV ZLWKLQ WKH H[SHULPHQWDO HUURU
DQGLVLQJRRGDJUHHPHQWZLWKWKHSUHYLRXVH[SODQDWLRQV
7KXVIDUPDJQHWRVWULFWLYHDFWXDWRUVKDYHEHHQVKRZQWREH
DEOHWRGHWHFWGDPDJHEXWRQHPDMRUVHWEDFNLVWKHLUQHHGIRU
KDQGKHOGPHDVXUHPHQWV2XUFXUUHQW UHVXOWVGHPRQVWUDWH WKDW
LQDWZRULEERQV\VWHPWKHLQGXFHGGDPDJHPD\EHFRUHODWHG
WR LWV SRVLWLRQE\PHDQVRIPHDVXULQJ WKHPDJQHWLF UHVSRQVH
H[KLELWHG E\ HWKHU ULEERQV 7KXV WKH FRXSOLQJ RI VXFK DQ
DFWXDWRU ZLWK EXLOWLQ VHQVRUV PD\ OHDG WKH ZD\ IRU WKH
GHYHORSPHQW RI WUXH ZLUHOHVV PDJQHWRVWULFWLYH VHQVRUV IRU
VWUXFWXUDOKHDOWKPRQLWRULQJ
)LJ0DJQHWLVDWLRQPDSVIRUVXUIDFHGDPDJHZLWKPDJQHWRVWULFWLYHULEERQV
HPEHGGHGZLWKLQWKHPLGGOHRIDSO\FRPSRVLWH
& SRLQW%HQGLQJ0HDVXUHPHQW
7KUHHSRLQW EHQGLQJ PHDVXUHPHQWV RI WKH GLIIHUHQW
WKLFNQHVV FRPSRVLWH VDPSOHV ZLWK ULEERQV HPEHGGHG ZHUH
FDUULHGRXW7KHULEERQVZHUHHPEHGGHGVXFKWKDWWKH\ZRXOG
EHSHUSHQGLFXODUWRWKHIDLOXUHRIWKHSDQHOGXULQJWKHSRLQW
EHQGLQJ WHVW )LJ  VKRZV WKH UHVXOWV IRU WKH SO\ VDPSOH
ZKHUHWKHWRSILJXUHVKRZVWKHUHVXOWIRUQRULEERQVHPEHGGHG
DQGWKHEDQGFVKRZWKHUHVXOWVIRUULEERQVHPEHGGHG,WLV
REVHUYHG WKDW WKH HPEHGGHG ULEERQV ZHUH DEOH WR GHWHFW WKH
IDLOXUHRIWKHFRPSRVLWHDVDODUJHFKDQJHLQPDJQHWLVDWLRQLV
REVHUYHGDORQJWKHIDLOXUHOLQHDQGQRFKDQJHZDVPHDVXUHG
QHDU WKH HGJHV RI WKHSDQHO7KLV PHDQV WKDW WKH ULEERQV DUH
VHQVLWLYH WR ORFDO FRPSRVLWH IDLOXUH DQG RQO\ WKH SDUW RI WKH
)LJ  &KDQJH LQ PDJQHWLVDWLRQ DV D IXQFWLRQ RI GLVWDQFH IURP D VLQJOH
VXUIDFHPRXQWHGULEERQ7KHGDVKHGOLQHLVDJXLGHIRUWKHH\H

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ULEERQPDJQHWLVDWLRQFORVHWRWKHGDPDJHZLOOFKDQJH+HQFH
WKH ULEERQV FDQ EH XVHG WR SLQSRLQW ORFDO GDPDJH WR WKH
FRPSRVLWHLIWKHPDJQHWLVDWLRQUHDGLQJRIWKHZKROHSDQHO LV
WDNHQ7KHIDLOXUHRIWKHFRPSRVLWHRQO\SDQHORFFXUUHGDW
1ZLWKWKHIDLOXUHIRUWKHHPEHGGHGSDQHORFFXUULQJDW1
DQG1WKXVWKHHPEHGGHGULEERQVGRQRWVWURQJO\FKDQJH
WKHVWUXFWXUDOEHKDYLRXURIWKHFRPSRVLWHSDQHOVDVSUHGLFWHG
IURPWKH$%$486PRGHOOLQJ
)RU WKH SO\ PHDVXUHPHQWV DOO VDPSOHV IDLOHG ZLWK WKH
FRPSRVLWHRQO\SDQHOIDLOLQJDW1FRPSDUHGWR
DQG  1 IRU WKH HPEHGGHG ULEERQ SDQHOV $JDLQ WKLV
PHDQV WKDW WKH DGGLWLRQ RI ULEERQV KDV QRW FKDQJHG WKH
VWUXFWXUDOEHKDYLRXURIWKHFRPSRVLWH7KHFRQWRXUPDSVDIWHU
IDLOXUHVKRZHGQRFKDQJHLQPDJQHWLVDWLRQIRU WKHFRPSRVLWH
RQO\SDQHO DVZRXOGEHH[SHFWHG)RU WKHHPEHGGHG ULEERQV
SDQHO D FKDQJH LQ PDJQHWLVDWLRQ ZDV PHDVXUHG DJDLQ DORQJ
WKH IDLOXUH FUDFN EXW WKH PDJQLWXGH RI WKH FKDQJH ZDV 
VPDOOHU WKDQ WKH SO\ PDJQLWXGH 7KLV ZLOO EH GXH WR WKH
ULEERQEHLQJDIXUWKHUSO\WKLFNQHVVDZD\IURPWKHFRPSRVLWH
VXUIDFH
)RU WKH SO\ PHDVXUHPHQWV IDLOXUH RFFXUUHG LQ WKH
FRPSRVLWHSDQHOZLWKQRULEERQVHPEHGGHGDW1EXWIRU
WKHSDQHOZLWKULEERQVHPEHGGHGWKHPD[ORDGRI1ZDV
UHDFKHG ZLWK QR IDLOXUH RFFXUULQJ )RU WKH FRQWRXU PDSV
PHDVXUHGDIWHUWKHSRLQWEHQGLQJIRUWKHSO\QRFKDQJHLQ
PDJQHWLVDWLRQ ZDV REVHUYHG DV H[SHFWHG DV QR IDLOXUH
KDSSHQHG
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$%$486 PRGHOOLQJ ZDV DEOH WR SUHGLFW WKH EHKDYLRXU RI
WKH PDJQHWRVWULFWLYH ULEERQV DWWDFKHG WR WKH VXUIDFH DQG
HPEHGGHG ZLWKLQ WKH FRPSRVLWH ,W VKRZHG WKDW WKH ULEERQV
WDNH PRUH RI WKH VWUHVV GXULQJ WKH PHDVXUHPHQWV DQG IDLO
EHIRUH WKH FRPSRVLWH LH GHODPLQDWH IURP WKH FRPSRVLWH
VXUIDFH 7KH PRGHOOLQJ DOVR SUHGLFWHG WKDW WKH DGGLWLRQ RI
ULEERQV ZLWKLQ WKH FRPSRVLWH GR QRW DIIHFW WKH VWUXFWXUDO
SURSHUWLHVZKLFKZDV FRQILUPHG H[SHULPHQWDOO\XVLQJ WKH
SRLQWEHQGLQJWHVW
7KHEHVWSRVLWLRQWRHPEHGULEERQVZLWKLQWKHFRPSRVLWHLV
SO\EHORZ WKH VXUIDFH DV KHUH WKH\ FDQGHWHFW ERWK LPSDFW
GDPDJHWRWKHVXUIDFHDQGFRPSRVLWHIDLOXUH,IWKHULEERQVDUH
HPEHGGHGIXUWKHULQWRWKHFRPSRVLWHWKH\DUHOHVVVHQVLWLYHWR
VXUIDFHGDPDJH:KLOHVXUIDFHPRXQWHGULEERQVGHWHFWLPSDFW
GDPDJHXSWRPPDZD\IURPWKHPEXWWKH\FDQEHGDPDJHG
GXULQJWKHLPSDFWRUGHODPLQDWH
:H DOVR GHPRQVWUDWH WKH IHDVLELOLW\ RI XVLQJ D WZRULEERQ
V\VWHP WR GHWHUPLQH GDPDJH ORFDWLRQ E\ PHDVXULQJ WKH
PDJQHWLF UHVSRQVH DFURVV ERWK ULEERQV 6XFK D VWUDWHJ\ PD\
DOORZ DFWXDWRUV WR EH SDLUHG ZLWK LQVLWX VHQVRUV WR IDFLOLWDWH
VWUXFWXUDO KHDOWK PRQLWRULQJ RI FRPSRVLWHV YLD ZLUHOHVV
VHQVLQJ
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